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SUMMARY OF RESULTS

1, Several new muterials were evaluated as reinforcing pig-
ments for General Electric SE-76 silicone rubber with no outstand-
ing results, Celite 318, a diatomaceous earth, and Perlite, an

exploded lava, showed poor reinforcement alone,

2. A calcined aluminum silicate, Burgess Iceberg Pigment, is
moderately effective at higher loadings, giving a soft stock of
L4OO pe.s.i. tensile strength,

3. A fine form of magnesium trisilicate was found to inhibit

peroxide curing due to its high basicity,

L. A fine grade of clay known as 'hitetex was supplied with
a claim of high reinforcement in silicone rubber. We found a
maximum tensile strensth of only LOC p.s.i. This material would,

however, be a good extender for silicone stocks,

5. A finely-divided graphitic mica, known as Micalith G, gave
a cured siliconé rubber of rather low strength but of a leathery
nature, This interesting property is believed to be due to its

fine plate~like crystal structure, Micalith is reputed to impart

excellent electrical properties to silicone resins,

6, Several new forms of silica pigments were evaluated, Si-0O-lite,
an inexpensive by-product silica, was found to be a moderately
good pigment eiving up to LSO p.s.i. tensile strength with SE-76 gum,

Two additional forms of Hi-S5il, a fine silica produced by

viii ’ \)
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Columbia-Southern Chemical Co., were found to have better rein-
forcing properties than the original Hi-Sil C. A special fine
grind called Hi-Sil CVX2 gave up to 500 p.s.i. tensile strength,
while another form known as Hi-Sil S2-WHB-L2 gave over 750 p.s.i.
tensile strength at 20 volume loading. This places it in a class
with Santocel C as one of the best reinforcing pigments, and it is

said to be considerably less expensive,

7. Additional samples of 0.0%5 micron rutile and anatase titanium

dioxides whose pH varied from 3.8 to 8.1 caused benzoyl p.roxide
decomposition and loss of cure at low volume loadings. Cures
could be obtained at 10 volume loading but they did not give

outstanding physical properties,

8. DuPont GS199S Silica has been found to possess curing pro-
perties of its own in addition to its reinforcing properties,
The silica causes slower cures than benzoyl peroxide, but the
curing effect persists at temperatures of 300 to LBOCF, resulting

in high temperature brittleness,

9, The physical properties obtainable with Sk-76 were found
to depend strongly on slight variations in its viscosity, This
effect is more noticeable with the GS Silica curing system than
with peroxide, and very high tensile GS Silica stocks cannot be
made with a soft gum, The variation in SE-76 may be due to its
degree of polymerization and the consequent change in its average

molecular weight, It is believed that a drop in average molecular

ix
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weight from about 250,000 to about 175,000 is responsible for H
the observed decrease in maximum tensile strength of 1800 to
700 p.s.i. with @S Silica.

10, General Electric SE-76 gum gives only 25 p.s.i. tensile
strength when cured with benzoyl peroxide in the absence of rein-
forcing fillers, The best available reinforcing fillers, other
than GS 199S Silica, without chemical cross-linking agents

(1,e. peroxide) give up to 250 p.s.i. tensile strength and 300

per cent elongation.

11. A dispersion of benzoyl peroxide in silicone oil is no
¢ more and no less effective than dry bentoyl peroxide powder in
mixing with and curing SE-76 gum,

12, Coating three of the better reinforcing fillers, Titanox
RANC, Santocel C and Hi-Sil with 0,2 - 100 per cent by weight

of a low molecular welght silicone oil improves their mixing and
wettability with silicone gum. At optimum compounding conditions,
tensile strength and elongation increases of over 50 per cent were
obtained, However, at higher temperatures cf curing, the oil
coating volatilized off and the stocks became shorter and harder
than the uncoated control sample. A higher molecular weight coating

0il should improve this situation,

s 13. Preliminary analysis showed that curing pigments such as
GS 199S Silica contain organic constituents on the surface which
b are removable by distillation in air as lower alcohols, To

, /



determine whether the active coating could be merely absorbed
alcohol on the pigment surface, two silica reinforcing fillers
were coated with alcohols and hydrocarbons by physical absorption
from the vapor phase, Tert-amyl alcohol and iso-amyl alcohol

at 2 - S per cent coating induced slight additional reinforcing
properties to Santocel C and Hi-Sil silicas in the absence of

peroxide, while n-octane did not,

1k, A large number of stocks were compounded to evaluate the
properties and action of DuPont GS 199S Silica as a simultaneous
curing and reinforcing pigment for silicone rubber, In the
absence of benzoyl peroxide, stocks of 1800 p.s.i. tensile
strength and 800 per cent elongation at 6L Shore A hardness were
produced with SE-76 gum, With a small amount of peroxide, tensile
strength was raised to 1900 p.s.i. and elongation to 850 per cent
at 73 Shore A hardness. To cur best knowledge these represent
the highest degree of reinforcement ever attained in silicone

rubber,

15.  G6S Silica may be milled into SE-76 gum up to 52 volume‘per
cent loading, due to the increased wettability and plasticizing
action resulting fram its organic coating, The best rubber stocks
are obtained between 15 and 25 volume loading, depending on the
viscosity of gum used, Curing by the G5 Silica alone will take

place at 10 volumes and above, At maximum loading of SO volumes,

a hard semi-flexible resinous material of good dielectric properties

is obtained,

xi




Ny

16, The optimum vulcanizing and reinforcing properties of

GS Silica are obtained with cures at 300 to 3500F, At this
temperature the stocks are relatively stable. Extended curing

at LOOOF, causes scorching, with increasing hardness, while at
LBOOF, the stock becomes brittle in a few hours. Low temperature
properties of the stocks are good with brittle points below -80°F.
GS Silica stocks are thus limited at present in their temperature
serviceability, However, it will probably be possible to correct

this important disadvantage.

17. The properties of GS Silica-cured stocks are more sensitive
to variations in the silicone gum than ordinary peroxide-cured
recipes, A drop of over one-half in tensile strength occurred
with a new batch of SE-76 of slightly lower viscosity., There will
be a need for closer control on the raw silicone polymer for use

with GS Silica,

18. Banbury mixes of GS Silica made by DuPont were unsatis-

fantory, due to heat build-up and premature curing during mixdng.

19, Milling difficulties due to the electrostatic charge and
high fly loss of GS Silica may be effectively controlled with a
very humid atmosphere in the vicinity of the mill rolls,

20, A sample of GS Silica, purpcsely densified for easo in
handling, did not yield quite as good properties as the original
highly dispersed samples. Agglomerated G5 Silica particles apparently
do not break down entirely during milling, as is known to occur with

densified carbon blacks. |
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21, 0S Silica will cure recipes containing other reinforcing

fillers or extenders. Of several tested, Celite Superfloss was

the best material for extender use with GS, Pigmenting fillers,

such as titanium dioxide or carbon black, may be acdded to GS 3
stocks in sufficient ocuantity to color them without affecting

the properties.

22. GS Silica master batch stocks were shelf-aged for 60 days
at B0CF, and 21 cays at 125°F. before curing without significant

change in the cured properties.

23, . Our analysis of GS 199S Silica shows that it is an extremely
finely divided porous silica of approximztely 0.0l micron particle
size, It contains 15 per cent by weight of an organic coating,

vhich may be removed by dissolving the silica with stiong alkali

and proves to be n-butyl alcohol, The coating cannot be solvent
extracted and is chemically bound to the silica gel structure in

the form of butyl silicate, These surface butoxy groups render

the silica hwdr;phobic and organophilic, At 200°F, in eir the butoxy

groups bepin to split off.

2L, Some alkoxy-substituted silicas were prepared in our
laboratory shich were similar in composition to GS 199S. One

preparation showed definite curing activity when heated with SE-76,

25, A silicone ruober V-belt and tire tread stock, fabricated

from high tensile GS Silica stock, operated satisfacterily in initial

tests as a hydrocarbon rubber substitute for low temperature application. i
xiid - \
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INTRODUCTION

Report No.10 cevering the quarter ending
December li, 19-1 gave proliminary results on the
use of Du bont S8.lica GS199S in General Electrie
silicone rubter SE-75. ’

Report No.11 which was released June 5, 1952
contailnad a surmnery and conclusions drawn from work
done on the swelllng of silicone rubber in various
solvents leading to determination of the theoretical
important quantities M,, molecular weight between
cross~-links; §, cohesive energy density; and s« the
solvent-polymer interastion coefficient.

Progress Report No.l2 covers the pariod from
December 5, 1951 to June 4, 1952. In this report
data on additional new pigments which heve been
tried in silicone rubber are reported. The coating
of certain pigments with silicone o0ils and with other
organioc coatings is disocussed. The analysis of Du Pont
GS199S5 Silica is included as well as very extensive
compounding trials of GS199S Silica in SE-76 silicone
rubber,

In this report is reported for the first time our
observation that silicone rubder can be simultaneously
reinforced and vulcanized by a single material, The
outstanding example of thiz is Du Pont GS1995 Silica.
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2.
A thorough study of the effects of this pigment in

all concentrations under all curing conditions as

well as in the presence of other reinforcing pigments
is included. Patent protection covering simul taneous
reinforcement and vulcanizing action 1s being sought
a8 a result of the work reported herein. The program
of the Grasselll Chemical Division of the Du Pont
Company has been modified with the intent of producing
a further improved type of GS Silica.

It was learned in the course of GS Silica work
that securing maximum tensile and elongation results
depends not only on the method and preparation of the
pigment, but also on the type of SE~76 rubber that is
used. Because of lack of control over the specifications
of the SE-76 rubber,it is impossible at this times for
us to state exactly what these specificztions should
be, Superior results have gcnerally been obtained
with frmer, less fluld and presumably higher molecular
weight vafieties of the rubber. A more complete
analysis of this problem should be possible in the
succeeding Report No.,l3.

By reviewing the past progress on the reinforcement
of silicone rubber, it has been possible to write a
paper entitled "The Compounding of Silicone Rubber II"
which will be read at the meeting of the Rubber Division

s
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of the Ameri~an Chemicsl Society October 29,30,31,1952,
The authors of the peper are W.B. Spencer, W.B, Davis,
F. L. Kilbourna Jr. of The Connecticut Hard Rubber
Company ard J.C.Montermcso of the Office of the
Quartermaster General,

Although the final specifications of nelther
the pigment or the silicone rubber necessary to
produce the highest type of cormpounded silicone
rubber are yet fixed, attempts have buen made outside
of this contract to make practicnl use of gome of
thase develcpmonts. GS Silica compounds were uced
to construct silicone fan belts which exceeded the
qﬁdlity of any made previously. A camel-back material
for retreading tirss was also compounded using the
GS Silica in SE-76 rutber and successfully spplied as
a retread on a tire, Tread wear measured after a few
bundred miles was not excessive. In order to pronote
a more rapid develcpment of practical use of these
and other compounding developments in silicones and
other specialty purpose rubbers, a new contract has
been entored into between The Connecticut Hard Rubber
Company and the Office of the Quartermaster General
in which special end items will be worked on with

these improved compounding techniques,
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FXPERTMENTAL PART

I. REINFORCEMINT OF SILICONE RUBBER

New Pigments in General Electric SE~76 Silicone Gum.

l. Cellte ;18
Celite 318 is a diatomaceous earth pigment supplied by

the Johns~-Manville Corporation. It is a fine diatoma-
ceous earth of the Superfloss grade but coated with
aluminum stearate to improve wetting properties.

Table I-A~l gives the physical test results with this
pigment in SE-76 gum at 20 to 80 per cent by weight
loading with 2 per cent benzoyl peroxide as the curing
agent. Maximum physical properties with Celite 318
occurred at 40 weight per cent loading. This pigment is
not a good reinforcing pigment, however, since only 218
Pe8.i. tensile strength and 16 hardness were obtained

with this recipe. Celite 318 might prove effective as

a cheap additive to better silica stocks such as Santocel C,
2. Perlite

Perlite 1s an exploded lava. It is light and fluffy and
used for introducing porosity in building materials. It
was evaluated both as a pigment and extender in silicone
rubber stocks. Data in Table I-A-2 show that Perlite is
not a reinforcing pigment by itself. When it was used as
an extender for General Electric 81223 stock (a Santocel C
reinforced stock) 25 per cent by weight lowered the tensile

-
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strength abou% 37 pe» cent and the elongation about 200

per cent, indi~atinz that 1% 1s not a very effective
material far this purposs. Thls is prcbably due to its

large particle size ard 1is fused non-porous composition.

3¢ Burgoss Tceberg Plpomwat

Another nsy pigment obtaired for evaluation in silicone
rubber wae Burgess Irebterg Pigment. It is a calcined
aluminum silicave. TLCata in Table I-A-3 show that this
pigment could be incorporated up to 80 per cent by weight
into SE-76 but that its reinforcing prcporties are evident
only at high loadings. At 80 weight per cent, the tensile
strength of 382 p.s.i. indicates a fair degree of rein-
forcement. This B0 per cont stock is still not very hard,
however, and more pigment could probably be incorporated
if desired.

ko Micalith G

Micalith G 1s a finely divided (325 mesh) graphitic mica
with a carbon content of about 0.5 per cent. This material
is suppliea by General Mining Associates and is reported
to impart exnellent electrical propertioes to silicone
resina. Of particular interest is its unusual crystal
structure. Each particle is composed of many thin
platelets which cleave under stress as does ordinary
mica. We wsroe interested in learaing whether :thissehape
had any effect on reinforcement., Table I-A-l gives data
for 10 to 50 volumes of Micalith G in SE-76 using benzofl
peroxide for the cure. Reinforcement with this pigment

\
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104
is not ocutstanding, the most rubbery sample having

about 200 p.s.i. tensile strength and 190 per cent
elongation. The batohes with high volume loadings
(40 and 50) were, however, interesting in t hat they
were leathery to the touch, We see no immediats use
for this type of silicone stock, but its combination
of good ele~irical preoperties and leathery nature may
be useful in some future application. This unusual
property 1s undoubtedly due to the shape of the Mica-
l1ith particles.

Se Si-0-Lite
"A sample of Si-0-Lite pigment was obtained by us from
Mallinkrodt Chemical Company for evaluation. This 1is
an inexpensive by-product silica of about 1 micron
particle size, and this sample had been heated to
remove all but four per cent of volatile materials.
Compared to the untreated Si-O-Lite, which was
evaluated previously and reported in Progress Report #10,
the heated S1-0-Lite gave slightly higher tensile
strengths at equivalent volume loadings (about 30 per
cent higher at 20 and 25 volumes). This is, therefore,
the preferred form of Si-O-Lite. This pigment 1s a
moderately good reinforcing pigment and is aaid to be
considerably cheaper than the other types of silica,
such as Santocel C. The data are presented in Table

I"'A-Sc
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6o Magnesium Trisiliocate

A fine form of magnesium trisilicate has also been
evaluated. This was obtained from iallinkrodt and

has been used mainly as an anti-acid in pharmaceutical
compounds. We compounded this pigment at loadings of
20 to 100 per cent by weight. The data in Table I-A-6
indicate that the trisilicate inhibited curing of
silicone gum by peroxide, even at 20 per cent. This

is undoubtedly due to its high basicity, and consequent
catalytic effect on peroxide decomposition. The material
is of 1little value in silicone rubber compounding,

7+ Various Types of Hi-Sil

We have done a considerable amount of compounding with
Hi-Sil, This pigment 1is a hydrated silica of 0,025
micron particle size supplied by the Columbia-Southern
Division, Pittsburgh Plate Glass Co, It is a fairly
good reinforcing pigment, although it is probably not
so porot;m as Santocel C. We asked the supplier about
other forms of this material a nd were given two others,
called Hi-Sil CXV2 and H1-Sil 52-WHB-42. The CXV2 is a
special fine grind of regular Hi-Sil while the 52-WHB-42
is apparently prepared by another process and is more
nearly like Santocel C. Table I-A-7 gives data for
these Hi-Sil pigments at 10, 15, 20 and 25 volume
loadings and compares themwith similar data for the

:’: :‘hg i 3 E F . e - e
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earlier Hi-Sil C and Santocel C. The original Hi-Sil1l C
gave less than half the tensile strength of Santocel C,
with about the same or higher elongation. Hi-38il CXVZ2
glves tensile strengths about 4O per cent higher than
Hi-S11 C and about S0 to 60 per cent of Santocel C,
maintaining high elongation. H1-Sil 52-WHB-42 shows
superior reinforcing properties at 15 and 20 volume
loadings, where tensile strengths of over 700 p.s.i.
were obtained to compare favorahbly with Santocel C.
These later developments in Hi-311 are definitely

super ior, and the 52-WHB-42 1s veryclose to Santocel C
in reinforcing power.

8.‘Wh1tetex

The whitetex pigment is 2 flne grade o clay.

The data in Table I-A-8 show that up to 80 volumes of
this pigment can be incorporated in SE-76 gum, with
moderate reinforcing properties in the 30 to 60 volume
range. Whitetox was claimed to give 800 pe.s.i. tensile
strength, but the best we obtained was [00 p.s.i. at 60
voluma loading.

9. Fino Titanox MP-561

We obtained additional s amples of fine particle size
titanium dioxide pigments from National Lead Co. to

further study these materials in silicone rubber,

i i e SN o
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Table I-A-9 gives the crystal form and average
particle size of these titanium dioxides, together
with our compounding results with SE-76 gum.
Titanox RANC was evaluated some time ago and found
to be a good reinforcing pigment at higher volume
loadings. Another form of titanium dioxide, Rayox 110,
was also found to be a good reinforcing material,
We had thought that smaller particle size titanium
dioxides would exhibit stronger reinforcing properties.
The data show that this is not necessarily true, with
improvaments in some cases and none in others. It
should be noted that the data in Table I-A-9 is based
én 10 volume per cent loading of the five titanias, and
that the physical properties of numbers MP-561-5, 8 and
10 compare favorably with those of RANC at this loading,
However, RANC will give botter reinforcement at higher
loadings, while we found that theso finer samples could
not be incorporated much above 10 volume per cente. This
is probably due to their higher surface area, and con-
sequently greater absorption of polymer. They arse
therefore generally unsatisfactory as pigments,
Comparison of the seven fine titania sampl es shows
that MP-561-5,8 and 10 give good reinforcoment, MP=561-5
is a rutile TiO2 of a very small particle size and high
pH(8.1)s MP-561-8 and 10 are Anatase form, and of low
pH(<3.,8). All of these fine titanias were active in
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inhibiting benzoyl peroxide cure, and it was necessary
to use 4 per cent of peroxide in the samples shown on
Table I-A-9, Their inhibition effect on peroxide curing
appoared to be more than just an absorption of the
peroxide to render it ineffoctive, and rather like

a catalytiec agent in aiding its decomposition. The

one sample on which no cure could bo obtained, MP-561-7,
differs from the others chiefly in its high absorptive
capacity. Data of the supplier on oil absorptlion give
a ralative index of 61 for MP-561-7, compared with

17 to 30 for the other samples.

Control Experiments with SE-76 Gums

le Control on SE-76 Batches

During the period covered by this report, we obtained
a new shipment of SE-76 gum fromthe General Electric
Company. It soon became ovident that this gum was not
the equivalent of the previous shipmunt we had been
using and on which data of the last two reports were
based. A check showud, as we had suspected, that it
was of a lower average molecular weight. The Goeneral
Electric people say that this is a preferred gum,
according to a customer survey which they have been
making, and they are now supplying this new batch
ontirely.

-

-
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This new gum is somewhat softer and therefore easier
to mill where large quantities are involved. We checked
the molecular weight roughly and found that it was
approximately 20 per c ent less than the previous gum
we had been using.

Table I-B-1l contains evaluation of this new gum
(batch 11317-3) together with c omparable data obtained
‘with the old batch (B=5946). Data on the new batch heated
to 8 per cent weight loss to remcve some of the extra low
molecular weight silicones is also included. Using
Santocel C pigment at 15 volumes and two per c ent
benzoyl peroxide, the new batch of gum gave superior
tensile strength at cures of 300 and 4OO®°F. The hardness
was, however, considerably lower due to the softness of
the gums When the new gum was heated to an eight per
cent weight loss, driving off some of the low molecular
weight silicones, the tensile strangth and elongation
decrcased and the hardness was raised to about that of
the old gum; Therefore, the new gum is softer but results
in gooad physical properties in a peroxide curing system.

We found, however, a great difference between the two
batches of gum when we cured them with 0S199S Silica.
Tensile strengths up to 1785 p.s.i. with 850 per ¢ ent
elongation were obtained with the earlier batch of gum
(B5946) but we could not duplicate these with the new
gum, where tensile strengths of only 500 to 1000 p.s.i.

vwere cobtained.

-
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The heated gum did not perform any bettor with GS199S,

80 we could not overcome the difficulty by driving off

the lowest molecular weight fraction of the polymer. This
fraction is apparently cured satisfactorily by peroxide,
but not by GS Silica,

It should be noted that unless otherwise spocified,
compounds numbered through 2224 woroe mace with SE=76,
(batch B-5946) and thoso from 2225 on were made with
SE-76 (batch 11317-3).

2. Curing SE-76 without Pigment

It was of interust to determine the increase in strength
of SE=76 gum after it had been curcd with benzoyl peroxide
but without any reinforcing pigment. This was donoe with
from zero to ten per cent benzoyl peroxido. The data
given in Table I-B-2 show that the tonsile strungth remains
essentially constant betwoen two and ten por cent peroxide.
Elongation also remained constant and the hardness appear-
ed to reach a maximum with oight per cent. It is probabloe
that the drop in hardness at ten por cont peroxide was due
to an excess of benzolc acid by-product which began to
override the curing effect by its depolymerizing action.

This exporiment again omphasizes the importance of
ircorporating reinforcing pigments in silicone rubber,
Without pigment, silicone rubber has no s trength whatso-
ever, ;hilo tonsiles of over 1000 p.s.i. can bo obtained
with the proper pigment.

e
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Since the natural rubber and neoprene possess considerable

strength before pigmentation, the pigment is not so i
oritical in these as it is in silicone rubber. Thus,

when a proper form of reinforcing pigment is discovered,

it should bo possible to bring silicone rubber up to the

strength of the present hydrocarbon rubbers. GeS.Silica

approaches this goal,

3« Santocel C Compounded without Benzoyl Peroxide

Because of our work with GS199S Silica, which is a self-
curing pigmont, it was of interest to determine what part
of this reinforcoment might bu due to the silica alomae.
Table I-B~3 gives data for 10 amd 15 volumes of Santocel C
without any curing agant. At 15 volumes, which is about

the maximum amount that can be incorporated, a tcnsile

strength of 185 p.s.i. with 238 per cont olongation and
60 hardness was obtained, Thus, a plain silica pigment
will give some reinforcement by itself. However, this
does not appgoach thu magnitude of that obtained with
GS199S, being about 1/10 of some of our better GS silica
stocks.

s Aerosil Compounded without Bonzoyl Peroxide

A similar expsriment was performed with 15 volumes of
Aorosil pigment. This is a highly porous silica aerogel
which reduces to a fine particle size on the mill., It

probably has a larger pore volume than Santocel C.
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Data in Table I-B-} show that tensilo strongths up to

240 pes.i. can be obtained with Aerosil without any
curing agent. This maximum tensilo strength was obtained
without any oven cure and it is ovident that increasing
oven curing is not beneficial to pigment reinforcement by
itself, This is undoubtedly due to thormal broeakdown of
the siloxane polymer at curing tomperatures.

Se Luperco AGE Poroxide

A now form of benzoyl peroxide was suggested by the
Novadel-Angene Company for ovaluation. This is called
Luporc¢o AGE peroxide and consists of a paste centaining
50 per cent by weight of bonzoyl peroxide in a silicone
oil. The object hoere was to obtain botter dispersion of
poroxide in silicono gum by first dispersing it in oil,
Table I-B-5 gives data for this peroxide at one to four
per cent with Titanox RANC and Santocel C pigments at
their best volume loadings.

The physical properties of compounds cured with this
form of benzoyl peroxido are not significantly different
from those whore dry benzoyl poroxide powder was milled
in directly, as 1is usually done. Howover, it 1s interest-
ing to note that the physlcal proporties with Titanox
wore enhanced more with increasod peroxide concontration
than those of Santocel C. Reinforcemont with Santocel C

socms to be less dependent on peroxide concentration in
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this range. This indicates that Titanox RANC tends to
noutralize part of tho benzoyl peroxide, producing a
doficioncy at low concentrations,

Compounding Silicone Rubber with Treatoed Pigmonts

l. Titanox RANC Coated with Silicone 01l

We havo carried out more work with coatod pigmonts. Tho
object of this work was improvement of the pigment-rubber
bonds to give groatoer reinforcemont.

Titanox RANC pigment was coated with 0.2 to 10 par cent
Gs:Ee silicone oil 9981LT=4, a low viscosity oil. Data

are givon in Table I-C-1 for this pigment in SE-76 stocks,
cured with two per cent bonzoyl peroxide (based on total
of silicone oil and silicone rubber in the compound).
Using compound #2109 for a control, it appears that a
sllicono oil coating on the pigment is beneficial to the
tensile strength of the cur.d compound at all concentrations.
Tho best properties were obtained with five per cont oil
on the pigmont, whore increases of [0 per cent in tensile
strongth and 35 per cent in clongation wore observed, with
hardness reﬁaining the same.

With the 300°F. cures, the clongation increascd up to

70 poer cont over the uncoated Titanox. Wwith cures at
480°F. the tonsile strongths did not increasc as much

and the olongations remained essontially the samo as tho
silicone oil coating was increased. This 1s probably due
to volatilization of the oil at this high curing tompera-

turoce
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Titanox RANC is a good wetting pipment for silicone gum,
and soft stocks are usually obtained. It was therefora
intereating that incorporation of silicone oil as a
coating on th: pigment did improve the propertics in
this manner.

2. Santocel C Coated with 3ilicone 01l

A similar set of samoles was prepared using Santocel C
pisment and from 1 to 100 per cent by weight 9981LT-4 as

a coating on the pl mente. This pl:sment is, of course,

very porous as compared to Titanox and so more oll was
required.

Definite improvements in tensile strength by this treatment
of Santocel C are observed in the data of Table I-C-2., The
maximum effect with a 300°F. cure seems8 to come at ten per
cent of oil, where an increase of 65 per cent in tensile
was observed. The tensile strength remains high up to

80 weight per cent of oil and then drops off at 100 per
cent, The elongation increases almost continuously as

the amount of sllicone oil is increased, while the hardness
decreases from 70 to 43 with the biggest drop occurring
beyond 4O per cent of oil, With a ,80°F. cure, the
improvement in physical propertlies is less but still
definite, with an optimum occurring at 40 per cent coating.
Since Santocel C is a very porous pigment and is wet by

silicone gum very well, addition of the oil would be
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expected to reduce the tightness of the rubber-pigment
bond. This is illustrated in the gradual increase in
elorgation from 250 to 525 per cent and the corresponding
reduction in stiffness as the amount of silicone oil on the
pigment is increased.

3., H1-81l1 Coated with Silicone 0il

Hi-511 was coated in a similar manner as shown in Table
I-C=3, with up to 60 per cent of 9981LT-4 oil. With

curing at 300°F. the tensile strength was 25 per cent
higher with about 4.7 per cent coating, but remained
essentially constant at about 00 to 460 per cent as

the coating was further increased.

with MSOOF. cures, the control sample had a tensile
strength of only 101 p.s.i., while the oil-coated pigments
gave between 213 and 309 p.s.i. Improvements by coating
Hi-S1i1l therefore appeared to be in the same direction but
to a lesser degree than those of Santocel C. The exception-
al stiffness and hardness of compounds 229 and 2130 cannot
be accounted for,

Lo Coelite 800 Coated with Vinyl Trichlorosil ane

A sample of Celite 800, coated with vinyltrichlorosilane
by the Linde Air Products Corporation was tested at 10,

20 and 30 volume loadings. Data in Table I-C-l4 give the
compounding results, compared with the uncoated Celite 800
at these loadings.

The vinyltrichlorosilane on these samples was completely
hydrolyzed, as was the case with those we had prepared
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previously. The effect of thic treatmens was very
slight and no significant chsangss wevs cbuesved in
the physicali prcperties.

Se Pigments Corted with Hydrocarbons and alecohcls

We have previously given (Progress Report #)0) results
from compounding several pigzments which had been coated
with hydrolyzed monnsiianss. It was found that surface
coatings of vinyltrichalero-, methyldichlerc-, and
dimethyldichlorcsilanas did not improve Santocel C,

Celite 800 or Titanox RANC pigments. However, there

was a decided improverer.t in Spheron 6 carbon black

after it was given a coating of hydrolyzed vinyltrichloro-
silane.

Recently, with the advent of GS1995 Silica, our attention
has been focussed on the effects of various hydrccarbon
and alcohol coatings on silica pigments. In Section III
of this report, our analysis of GS1995 Silica is reported.
We found it to be a fine amorphous silica containing an
organic constituent which may be removed chemically or by
distillation as a hydrocarbon or alcohol. We have coated
two silica pigments with a hydrocarbon and several alcohols
to see whether a simple coating would result in better

reinforcing, or self curing pigment.
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The procedure used was 22 fcllows: The pigment to be
coated was heated to 200-400°F. under high vacuum to
remove absorbed surface impurities. After this treatment
it was then exposed directly to the vapors of the
particular hydrocarbon or alcohol without contact with

air, to insure absorption of the material on the surface.
Absorption was continued until apparent equilibrium, and
the weight gain of the pigment was rocorded to determine
the amount of coating. 1In this way 2 to 32 per cent by
waight of alcohols were absorbed on the surface of Santocel
C and Hi-Sil silica pigments,

Table I-C-5 gives the r.sults of these expsriments, and
the compounding data. wWith Santocel C, a porous gilica
aerogel pigment, a 15 volume-2 per cent benzoyl peroxide
control batch (#2084-1) gave: Tensile 450 p.s.i.,
Elongation 150 per cent and Hardness 57. With 3 per cent
tert-amyl alcohol coating, a definite improvement is noted,
with results being : Tensile 770 p.s.i., Elongation 300 per
cent, and Hardness S9. Without any peroxide, the control
gave? Tensile 130 p.s«il., Elongation 100 per cent and
Hardness 42, This illustrates the cansiderable degree of
reinforcement provided by this porous silica pigment alone.
In addition to the 3 per cent tert-amyl alcohol, three
coatings of 2, 4.2 and 8.5 per cent of isoamyl alcohol
were applied. Compound No.21L46, with 2 per cent isoamyl

o —
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alcohol, showed definite improvement in tensile strength
and elongation both with and without peroxide.

Compound No.2153, with 4.2 per cent also showed increased
cure over the control, to a lesser degree, while No.2lL9
with 8.5 per cent alcohol did not cure. Isoamyl alcohol
thus induces some reinforcement without beroxide, and
improves reinforcement when peroxide is used, but only

at low concentrations of the order of 2 per cent.

N-octane coating, at 22 per cent by weight, gave definite
improvements when peroxide was present, but did not aid
curing in the absence of pa oxide.

‘Hi-511 silica pigment at 15 volumes and 2 per cent benzoyl
peroxide gave 360 p.s.i. tensile, 300 per cent elongation,
and 35 hardness, while without any peroxide, it gave no
cure whatsoever. Thus Hi-Sil is di<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>